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ABSTRACT 
Post-industrial riverfronts in the ‘Rust-Belt’ region of the United States have faced 
the consequences of [de]industrialization, including massive ecological disturbances. 
The Lower Cuyahoga River in Cleveland started facing those consequences when it 
was modified in the 1800s. The river channel was radically re-engineered with an aim to 
ease the movement of ships upstream and economize the businesses in that region. On 
occasion, the river caught fire due to the heavy oil wastes discharged by the industries. 
Subsequently the river’s health deteriorated affecting the aquatic habitat and the 
riverfront landscapes. The purpose of this thesis is to suggest how the lost river ecology 
of the Lower Cuyahoga River in Cleveland might be recovered by establishing habitat 
pockets and zones that support aquatic life. Landscape solutions are proposed to 
improve the water quality by reducing contaminants that are carried into the river by 
overland flow. These interventions would allow for the creation of public amenities along 
the riverfront, and reintegration of the fragmented post-industrial fabric. The 
infrastructure along the riverfront has a strong correlation with the health of the river, 
thus adaptive-reuse of existing infrastructure is a major strategy explored in this thesis. 
Because this design thesis also focuses on the deteriorating ecological health of the 
river, it proposes test sites for the decontamination and oxygenation of water to support 
fish habitat. Vacant and contaminated sites are considered centers for treating the 
harmful chemicals present in the landscape, carried into the river with overland flow. 
Based on the planning vision for this district of the city, it is possible that, in future, 
opportunities will become available to return the river to its pre-industrial profile.
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CHAPTER 1 
INTRODUCTION 
Many post-industrial landscapes are brimming with enduring contaminants and 
infrastructure of deindustrialization. Having been neglected as voids and derelict land in 
the urban fabric, they result in disturbed ecological systems. Creatively (re)considering 
these post-industrial spaces may be conducive to restoring urban ecological health.  
This thesis will focus on the degraded ecological condition of the Lower 
Cuyahoga River in Cleveland. Cuyahoga Riverfront in Cleveland has been heavily 
engineered over the past century to facilitate industrial activities; as a result the healthy 
river channel functions have been interrupted. A strong relationship can be established 
between the degraded aquatic habitat and the post-industrial structures remaining along 
the riverfront. One of the assumptions of this thesis is that improved water quality and 
enhanced aquatic life could be a factor promoting the creation of public amenities along 
the riverfront, and reintegrating the fragmented riverfront fabric. This thesis therefore 
explores techniques that engage these remnants of [de]industrialization and recovers 
the lost river ecology. Adaptive re-use based on attributes of the infrastructure present 
along the riverfront and the activities occurring in that zone could have a positive impact 
on the over-all ecology of the river.  
In particular, this thesis identifies five strategies for potential adaptive re-use of 
the existing structures and practices: (i) cessation of dredging along channel bottom (ii) 
installation of habitat pockets within the steel bulkheads along the river banks (iii) re-
circulating river water through series of terraces and aeration (side-stream elevated pool 
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aeration) systems to oxygenate the water (iv) filtration of surface run off from adjacent 
sites with channels and plants (v) phytoremediation of the toxic sites. 
Some other assumptions of this thesis are that with an expected future peak in oil 
prices, existing industries will go out of business, further adding to the abandoned 
infrastructure along the riverfront. Subsequently, once dredging of the river channel 
becomes uneconomical, restrictions will likely be imposed on dredging activities. 
 
Historical background of the issue 
 Historically, waterfronts have always been areas of concentration of 
social, economic and industrial activities. During the industrial revolution, the 
nation’s waterfronts were key to the rapid economic growth of major industrial 
cities because they facilitated easy transport of goods. Major exchange of the 
goods used for industrial operations occurred in those cities most easily 
accessible through water. Those urban waterfronts, during the 19th century, 
developed “the most intense zone of use” (Marshall 2001, 5) between the 
manufacturing units and water. Achieving economic benefit was of utmost 
importance and this gave a purely utilitarian meaning to the urban waterfronts 
(Mumford 1961). Manufacturing units were placed along the waterfronts to 
maximize the profits from those industrial bases. With the growing economic 
prosperity of those cities, it brought severe ecological degradation to the waters 
and vast expanse of landscapes where these industrial bases were set.  
In 1970s, with the advance in technology and growth of other international 
competitors, industrial American towns, like Cleveland, Detroit, and Milwaukee, 
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lost a significant percentage of their industrial businesses. “Our information-
saturated, service-oriented economic systems no longer rely on the industrial and 
manufacturing operations of the past” (Marshall 2001, 5). The establishment of 
vast road networks and railway systems, which required containerization, made 
the connection with the river redundant. Globalization policies made the 
exchange of goods easier across the international borders, further worsening the 
existing economic trouble of the American heavy industries. Industrial towns, like 
Cleveland, Detroit, Youngstown, and Columbus, began to lose their business and 
eventually “ … their feebleness was winning nationwide attention. They were the 
capitals of the rust belt, a decaying industrial swath that was no longer the 
nation’s pride but instead had become a national problem” (Teaford 1993, 211). 
The term "deindustrialization" was defined as the "systematic 
disinvestment in a nation's core manufacturing industries" (Bluestone and 
Harrison 1982, 6). [De]industrialized towns became a vast collection of 
abandoned and contaminated infrastructure. The growing contaminated 
landscape and environmental degradation of the rivers raised serious concerns 
for these industrial cities. Cleveland, situated along the Cuyahoga River, is 
among one of the cities suffering the brunt of [de]industrialization. 
City after city, state after state, had essentially failed in their 
efforts to protect their air and their water, the land, the health of their 
citizens. By 1970, our city skylines were so polluted that in many places 
it was all but impossible to see from one city skyscraper to another. . . . 
We had rivers that were fouled with raw sewage and toxic chemicals. 
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One actually caught on fire. There was a very famous photograph from 
my teenage years of the Cuyahoga River burning. In fact, it was 
memorialized in a song at the time. By Former EPA Administrator Carol 
Browner (Adler 2007, 89).  
 
 
Figure 1.1 Cuyahoga River Fire in 1952 (Left). The Cuyahoga Flats in 1970 (Right) 
(Image: http://www.clevelandmemory.org/) 
 
The effect of [de]industrialization (Figure 1.1) was memorialized in the song, 
‘Burn on’, in the album ‘Sail Away’ by Randy Newman in 1972 
(www.lyricsdepot.com/randy-newman/burn-on.html September 2010).  
 
Cleveland, even now I can remember 
'Cause the Cuyahoga River 
Goes smokin' through my dreams 
 
Burn on, big river, burn on 
Burn on, big river, burn on 
Now the Lord can make you tumble 
And the Lord can make you turn 
And the Lord can make you overflow 
But the Lord can't make you burn 
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Burn on, big river, burn on  
Burn on, big river, burn on  
(www.lyricsdepot.com/randy-newman/burn-on.html September 2010). 
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CHAPTER 2 
STUDY BACKGROUND AND INDUSTRIAL HISTORY OF SITE 
The “Rust Belt” cities of the United States came into existence because of their 
easy geographic location and access from other parts of the countries by water. Rivers 
and lakes were the main channel for transportation of raw materials for processing and 
production for majority of the industries existing in the rust belt cities. During this 
process of industrialization, major industrial cities suffered significant degradation in 
their river systems and riverfronts because of the changes brought in the 
geomorphology of the river. Riverfronts became the backdoor of these cities where 
various kinds of industries dumped wastes into and caused major damage to the river 
ecosystem and its health.  
As a result of globalization process for heavy industry and the development of 
other cheaper means of transportation, Rust Belt cities have lost their geographic 
advantage, as well as their business. Simultaneously, many post-industrial landscapes 
and communities in the Rust Belt have declined economically, with a subsequent loss of 
population. Now there are vast expanses of land littered with abandoned houses, ruined 
warehouses, and neglected industrial infrastructure situated on the banks of the lower 
Cuyahoga River. Cleveland, Ohio, situated along the Cuyahoga River, is among those 
Rust Belt cities that has faced this phenomenon.  
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Location of the Cuyahoga Riverfront
 
Figure 2.1 Cuyahoga River Sub-Sub-Watersheds 
The Cuyahoga River travels south from its origin, which is in the northeastern 
part of Ohio, and then it turns sharply towards north finally drains itself into the Lake 
Erie. Its path is like a U-turn which is 100-mile long with a watershed area of 813 square 
mile (Figure 2.1) which constitutes of agriculture, urban, industrial and forest land uses 
(Zeitler 2001, 1). The flow of the river slows down considerably because of the 
topography and the changes made in the riverbed by US Army Corps of Engineers for 
the ease of navigation. The path of the river meanders for the last six miles of its 
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journey. The Cuyahoga flows through a flat area during its last one-half mile before 
draining into Lake Erie. This flat area is referred as “Flats” or “Cuyahoga Flats”, which 
separates it from the surrounding land that rises in elevation as moving away from the 
river (ech.cwru.edu/index.html September 2009). Cleveland is situated at the 
confluence of Cuyahoga River and Lake Erie. It was identified as the centre of steel and 
iron-ore manufacturing units in the United States (www.cuyahogavalley.net/index.html 
September 2009). 
 
Figure 2.2 Cuyahoga River Valley (Flats) in 1927 (Left). Looking south along the 
Cuyahoga River from the west bank (Right) (Image: http://www.clevelandmemory.org/) 
 
At the Cuyahoga Flats 
  Here, in the river's oxbow-bend and silt, 
  the muddy unmarked grave of Republic Steel. 
  Here is the elegy to ore and pellet: 
  inertial loaders, the quiet of the mill. 
  
  See how deliberate the passing barge— 
  as if somewhere hotter furnaces are lit. 
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  Rust in the water and reclining drawbridge: 
  oxide and spall, the color of ash at sunset. (Dave Lucas 2006, 155)  
 
History of the Riverfront 
Cleveland has had a remarkable history of heavy industrialization.  From 1860 to 
1930, the area’s docks, railroads, warehouses and refineries were centers of 
development and sources of income for the entire city (Figure 2.2). Petroleum-refining, 
iron and steel products, machinery and construction equipment, chemical industries, 
and the automotive industry were major industries when the city was ‘under production’ 
and led to its rapid growth. Several smaller industries arose in conjunction with 
automobile manufacture, including diesel engines, construction and industrial vehicles, 
and aircraft parts (Stradling 2008). All the industries treated the river as their waste 
disposal units which resulted in large amount of floating debris and oil slick on the 
surface of the river (www.epa.gov/greatlakes/aoc/cuyahoga.html September 2009). 
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Figure 2.3 Cuyahoga Improvement Plan 1941 (Prepared from the map by Cleveland 
Chamber of Commerce. www.clevelandmemory.org/SpecColl/croe/engmaps.html 
September 2009) 
 
In figure 2.3, the red dotted lines in the upper left corner show the historical 
mouth of the Cuyahoga River located 4000 feet west of the present mouth, lined by 
wetlands, swamps and marshes. The present mouth of the river was dug into Lake Erie 
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in 1827 to facilitate the entry of the ships into the river. The river was heavily engineered 
for navigation of ship upstream to feed industries like paint manufacturing, steel, 
chemicals, and limestone processing with raw materials. In 1941 the Cleveland 
Chamber of Commerce proposed the Cuyahoga Improvement Plan. According to this 
plan, numerous cuts in the riverbank were suggested to smooth the progress of the 
navigation of the ship up into the industrial basin (www.clevelandmemory.org/ 
September 2009). 
For the Cleveland Chamber of Commerce, the purpose of improvement was to 
facilitate the process of industrialization. This further intensified the ill effects of 
industrialization on the river ecology. After 1827, the old river channel mouth closed and 
parts of it contain stagnant water today.  However, this old channel is still being dredged 
for the barges that serve the Cleveland salt mine opened in 1961 and operated by 
Cargill Deicing Technology since 1997 (www.cargilldeicing.com  March 2010). The 
turning basin was enlarged to 800’ wide so that ships of 660’ length could use it 
(www.cuyahogavalley.net/ September 2009). This gives an indication of the scale at 
which the engineering of the Cuyahoga River took place.  
The level flood plain along Cuyahoga River referred to as the “Flats” were home 
to Cleveland’s industrial economy prior to 1969. In that year Cleveland’s Cuyahoga 
River caught fire and burned for twenty minutes damaging two railroad trestles and 
destroying a million dollars’ worth of property. The burning of the river in 1969 made its 
place in national environmental movement (Adler 2002) “Cleveland’s postindustrial 
sensibilities, like those of the nation as a whole, created new meanings for the 
Cuyahoga and its 1969 fire” (Stradling 2008, 515). 
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This fire made an impact on the already progressing deindustrialization of the 
area. In all, there had been a total of ten incidents of fire in the Lower Cuyahoga River 
occurred over a span of almost ninety years, the first occurring in 1868 and 
then1883,1887,1912,1922,1936,1941,1948,1952 and last in 1969 
(www.generationscvnp.org/default.aspx September 2009). Furthermore the river 
ecology was completely devastated in terms of fish population with subsequent 
restrictions on recreation activities and degradation of aquatic habitat in Lake Erie. 
Meanwhile, the Flats were rapidly emptying of their heavy industrial businesses, as 
were nearby neighborhoods emptying of their residents (Stradling 2008).  
 
Environmental Concerns  
Since 1969, there had been numerous efforts to improve the water quality of the 
river. Industrial pollution had created concern among Americans across the nation and 
measures were taken to recover the river from the ecological devastation brought about 
by seventy years of industrial pollution. In response to these concerns, the Clean Water 
Act was formulated by the Environmental Protection Agency (EPA) in 1972 to regulate 
point source discharges from industries and waste water treatment plants and non-point 
sources such as overland flow runoff into the rivers. The purpose of the Clean Water 
Act was to support "the protection and propagation of fish, shellfish, and wildlife and 
recreation in and on the water” 
(www.epa.gov/owow/watershed/wacademy/acad2000/cwa/ March 2010). 
At present, the Environmental Protection Act (EPA) has identified 42 areas of 
concern in the Great Lakes Watershed, and the Lower Cuyahoga River is one of those 
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areas. EPA has identified seven impairments to beneficial use (Figure 2.4): (i) 
degradation of fish population (ii) fish tumors and other deformations (iii) restriction on 
dredging activities (iv) eutrophication (v) closings of recreational activities (iv) 
degradation of aesthetics (vii) loss of fish and wildlife population 
(www.epa.gov/glnpo/aoc/cuyahoga.html August 2009).  
Figure 2.4 Series of Problems Existing in Cuyahoga River 
The impairments identified are a consequence of highly polluted river water. 
Since the river water is extremely contaminated and the infrastructure present along the 
riverfront exacerbates its pollution, aquatic life and human activities continue to be 
adversely affected. To make the river viable for industries, barge movement has to be 
maintained all year round, a driving force for intensive dredging operation in the 
navigable stretch of Cuyahoga River by US Army Corps of Engineers. The dredging 
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operation certainly changes river physiology by disturbing the soil at the riverbed and 
hence disturbs the aquatic habitat.  
One of the main goals of this thesis is to propose strategies for establishing 
aquatic habitat pockets and enhance fish population. Therefore, we take the expected 
future restrictions on dredging as a core assumption. This thesis aims to address a few 
of these problems identified by EPA, specifically including: degradation of fish 
population, restriction on dredging, and loss of fish and wildlife population. 
 
Figure 2.5 Section of the river channel 
Upstream (Upper Cuyahoga River) the water takes 10 hours to travel 15 miles.  
On the other hand, downstream in the lower part of the river in Cleveland, it takes water 
10 days to travel the last 4.5 miles in the navigation channel (Figure 2.1). The natural 
depth of the river was between 3 to 6 feet, however part of the Lower Cuyahoga River is 
currently dredged to 27 feet and maintained at 23 feet by the Army Corps of Engineers 
(Figure 2.5). The increased depth of the river channel has resulted in reduced flow of 
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the river water. The lower Cuyahoga River has been made wider and straighter for a 
period of 150 years (www.cuyahogavalley.net August 2009).  
 
Facilities along the Riverfront
 
Figure 2.6 Facilities along the riverfront 
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Currently there are 14 dock facilities on the West bank, 6 on the old river channel 
and 16 along the East bank which use the river to supply raw material to the industries 
located along the bank (see Figures 2.3 and 2.6). These dock facilities are primarily 
used for four purposes (i) businesses along the river- iron-ore, limestone, cement, salt 
(Figure 2.7) (ii) storage distribution center (iii) bulk storage for large railroad container, 
asphalt, stone, salt (iv) marina facility 
(http://www.cuyahogariverrap.org/GREENBULKHEAD.html September 2009). The 
riparian corridor along the river is occupied by industries and the shoreline has been 
paved and armored with steel bulkheads. Eighty-two and one half percent of the riparian 
area is occupied by the steel bulkheads (Figure 2.8) and the remaining, seventeen and 
half percent, is undeveloped land severely littered by construction debris (Figure 2.9) 
(US Army Corps of Engineers, 2004). The length of the armored shoreline is fifty-five 
thousand feet out of which twenty two thousand feet are used for freight activities 
(www.cuyahogariverrap.org/GREENBULKHEAD.html September 2009). The riparian 
area lacks wetlands or any kind of vegetative buffer; instead, the soil in this region 
contains hydrocarbon left from the petroleum product processing which further flows 
into the river along with the overland flow (Figure 2.10). Vast expanses of concrete 
surface such as parking lots (Figure 2.11) present in the riparian buffer zone contribute 
to the discharge of sediments in the river water by not allowing them to be percolated 
into the ground. Thus under-used pieces of land significantly affect the water quality of 
the river and hence the aquatic life. 
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Figure 2.7 View of Downtown from an Iron Ore Facility along the Riverfront 
 
Figure 2.8 Steel-bulkhead Armored Shoreline with no Riparian Buffer 
 
Figure 2.9 Construction debris lying along the shoreline 
 
Figure 2.10 Abandoned facilities with contaminants remaining on the site 
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Figure 2.11 Map showing parking units and contaminated sites along the riverfront  
The derelict pieces of land can serve as high potential grounds to be occupied by 
varied adaptive re-uses. Therefore, the purpose of this project is to propose a series of 
micro-strategies that could be adapted by the City of Cleveland to reduce contamination 
of water along the Lower Cuyahoga River and develop aquatic habitat pockets which 
could enhance the fish population.   
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CHAPTER 3 
THEORETICAL CONTEXT 
This chapter will discuss the theoretical framework highlighting the potentials of 
these deindustrialized tracts of landscape along major riverfronts. The ideas and 
theories discussed below provide the underlying principles of this project. 
 In the recent past, many cities in the Rust Belt region have developed a series of 
neglected pockets, varying in sizes, as a result of economic and industrial processes. 
These wasted landscapes emerged as a result of rapid horizontal urbanization and are 
remnants of economic and production regimes that have now departed. These areas in 
the urban city core which have not been fully re-utilized may be identified as “wasted 
landscape” according to Alan Berger (2006, 12). He further mentions “the city is the 
manifestation of industrial processes that naturally produce waste” (Berger 2006, 12). 
According to Berger, it is an important activity for landscape architects to forage for 
under-utilized landscape within the urban fabric and re-program it for new creative 
purposes. “Drosscaping, as a verb, is the placement upon the landscape of new social 
programs that transform waste (real or perceived) into more productive urbanized 
landscapes to some degree” (Berger 2006, 237).  
Seeing the aerial image of Cleveland’s riverfront, it can be presumed that there 
have been massive production regimes that used the river as their backbone to facilitate 
the transport of goods. Since today many of these industries have moved to other parts 
of the world, these places are now under-utilized and can be regarded as “wasted 
landscape” (Berger 2006, 12). New functions have to be identified for these landscapes 
to be transformed to productive sites, rather than merely voids in the urban fabric.   
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There are several challenges that “wasted landscapes” present. One challenge is 
to propose phased strategies to decontaminate the sites and then re-program them over 
time, since they are not occupiable in the present dilapidated condition. Strategies that 
are arranged in different stages—both in time and space—need to be applied to the site 
to rejuvenate them. Effective schemes may be borrowed from other disciplines and 
projects in the process of regenerating these challenging places.  
Berger warns against the dangerous spatial-temporal implications of the term 
'post-industrial' because, he argues, it “reifies the site as essentially static and defines it 
in terms of the past rather than as part of ongoing industrial processes that form other 
parts of the city” (2006, 200). He suggests that the term ‘deindustrialization’ be used in 
lieu of ‘post-industrial’ in order to realize the real potential of these deleterious 
landscapes rather than considering them as areas of negligence. 
These abandoned and possibly contaminated sites create a staccato urban fabric 
with business pockets, neighborhood pockets, and 'dirty,' post-industrial pockets. These 
urban landscapes with unused areas are well-described by Lars Lerup in his book ‘After 
The City’ as the “holey plane” (Berger 2006, 201). 
“This holey plane seems more a wilderness than a datum of a man-
made city. Dotted by trees and criss-crossed by wo-men/vehicle/roads, 
it is a surface dominated by a peculiar sense of ongoing struggle:  the 
struggle of economics against nature. Both the trees and machines in 
this plane emerge as the (trail or) dross of that struggle” (Lerup 2000, 
59). 
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In reviewing the industrial history of Cleveland, we gather that rapid changes in 
technology and globalization policies led to abandonment of uneconomical assets. The 
race to industrial prosperity also brought with it exploitation and disregard of nature, first 
in the form of pollution and then in the form of out-of-place remnants of industries. Such 
a landscape seems to have created voids, with vast discontinuities like empty buildings, 
dump grounds, old bridges, warehouses etc., Lerup’s “holey plane.”  
According to Berger, the natural process of living organisms is compared to that 
of a city. The hard part of the living organisms, shells and bones, were formed in the 
process of managing their waste originated from the cells. The formation of cities is 
governed by manufacturing and housing, which occurs after a course of actions. In the 
natural process of growth, cities and living organisms both produce waste that can be, 
according to Berger, “ignored, maligned, or embraced, but never stopped ” (2006, 203). 
Generation of waste in any kind of process is a natural phenomenon, even in the case 
of growth of a city. In order to manage these continuously produced byproducts, they 
have to be engaged and embraced holistically in the ongoing system of development 
rather than being deprived of any purpose.  
In this sense, the development processes in Cleveland can be compared to 
those of a living organism. The byproduct of one process becomes the raw material to 
initiate another process of a different kind. Waste produced by the deindustrialization 
may be looked at as the basic raw material required during the course ecological 
enhancement of the riverfront. The abandoned railroad tracks, bridges, and vacant 
properties can be overtaken by functions that interact with other parts of the city and 
also contribute in environmental progression. The contaminated sites can be considered 
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analogous to the injured part of the body that can remediate over several phases during 
a certain time frame and can become demonstration sites during the process of healing  
Berger predicts that the production of wasted landscape in the urban fabric will 
continue until the process of deindustrialization and technology advancement ceases. 
The production of abandoned site thus provides steady opportunity for designers, 
including landscape architects, architects, urban designers and artists, to stitch those 
constantly occurring wastescapes together with the livable environment. Berger (2006) 
writes that landscape architects may “find opportunities within these processes by 
advocating more culturally ambitious ways of challenging urbanization” (2006, 214).  
A series of derelict landscapes, inextricable from deindustrialized infrastructure, 
can be perceived as pockets of potential resource for economic, social and ecological 
regeneration of the Cleveland waterfront. When treated as epicenters, with reclamation 
and remediation strategies engaging the existing infrastructure along with intensive new 
programs, these landscapes can transform these tarnished pieces present within the 
urban fabric into productive, contiguous, and engaging commodities (Berger 2006).    
The decrease in number of “greenfield” sites existing for new development has 
resulted in collaboration between various disciplines in exploring new engineering 
techniques to remediate and reuse brownfields, or more environmentally challenged 
expanse of lands. Already numerous actions have been undertaken, via federal 
initiatives and grants, for these derelict sites along the waterfront. Others have called 
these places “manufactured sites” (Hough, 2001).  
The work done by Peter Latz and Partners in the Ruhr industrial area of 
Germany for International Building Exhibition Emscher Park, aimed to integrate 
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ecological renewal with multi-use spaces and varied programs using the existing 
industrial infrastructure in the landscape. According to Latz and Partners, a holistic 
framework, apart from the functions of individual systems, is essential for environmental 
rejuvenation and public engagement of the degraded pieces of landscapes 
(www.latzundpartner.de/projects/detail/17 October 2009). This was the concept used for 
the Duisburg Nord Landschaft Park in Germany.  
Michael Van Valkenburgh’s work, “Port Lands Estuary” (www.mvvainc.com 
September 2009) in Toronto, Canada suggests another framework that involves multi-
functional corridors, parks and community spaces along a forgotten riverfront, 
strategizing the cleanup in varied phases over time. The river and its natural processes 
of flooding are taken into consideration while configuring the other components of the 
system.  
To restore the natural processes of the Cuyahoga River, dredging has to be 
ceased. Ecological processes need to be given higher priority than economic and 
industrial operations existing in the Cuyahoga Flats. Techniques like phytoremediation 
can be used to treat the contaminated sites which can acquire varied functions at 
different stages of its recovery. Defined as “the use of plants to curtail or uptake soil or 
water bound contamination,” phytoremediation can be used for restoring the polluted 
site and habitat rejuvenation (Kirkwood, 2001). 
Urban waterfronts have become a major area of interest, with a varied array of 
motivations, after industrial relocation has occurred (Urban Land Institute, 2004). 
Waterfronts provide opportunities for a “cycle of urban development and 
redevelopment” (McMillan and Schiffman 2004, 64). Understanding the inherent 
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environmental issues with waterfronts, and dedication to an environment-responsive 
technique is a necessary first step for redeveloping them. Waterfronts can be 
understood as “continuous overlapping of land and water” (McMillan and Schiffman 
2004, 65). But this zone of overlapping is amongst the most ignored sections of the 
cities because  
they are abused, derelict, and plagued by environmental issues: 
unstable landfills, contaminated soils and water, lost habitats, disturbed 
artifacts, trapped sedimentary pollutants.... the list goes on (McMillan 
and Schiffman 2004, 64). 
 The author further explains ‘ecotone’ as a zone where two ecosystems 
overlap. In the context of this thesis, ecotone can be understood as the river’s 
edge, with the richest “range of soil conditions, nutrients, and flora and fauna” 
(McMillan and Schiffman 2004, 66) in the world. The Cuyahoga River shoreline, 
presently armored with steel bulkheads, needs to be perceived as such an 
ecotone—a zone of high potential to develop niches of habitats for aquatic life. 
Thus interface between the river edge and the adjacent land has a prime role to 
play in the advancement of the ecology of the river.  
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CHAPTER 4 
RESEARCH OBJECTIVES 
The research objective of this thesis is to explore techniques and solutions to 
remediate the water quality of Lower Cuyahoga River in Cleveland that will lead to the 
renewal of the post-industrial landscape along the riverfront. Strategies to improve the 
water quality require considering a larger area along the riverfront that influences the 
water quality due to the contaminants in the overland flow. Exploration of ways to 
enhance the fish population by using the river edge conditions is also one of the 
research aims of this thesis.  
US Environmental Protection Agency (EPA) has identified Cuyahoga River as 
one of the 42 areas of concern in the Great Lakes Watershed. EPA has declared that 
the river is impaired for eight beneficial uses as discussed in previous chapters. 
Restriction of dredging activities is one of those impairments. In 2009, 270,000 cubic 
yards of material, containing significant quantities of pesticides, heavy metals, 
polyaromatic hydrocarbons, was dredged (Figure 4.1) and stored in a confined facility in 
Lake Erie. The total expenditure of dredging activities was approximately 2.2 million 
dollars (US Army Corps of Engineers 2009). Dredging activities disturb the fish habitat 
by increasing the amount of suspended soil particles and contaminants in the river 
water. Restriction on dredging activities can be a major factor that will support the 
enhancement of fish habitat and reduce the diffusion of settled contaminants from the 
riverbed. The huge capital invested in dredging can be allocated for cleansing of other 
polluted sites along the riverfront. Thus water quality of the river will improve by 
restriction of dredging activities and eventually support fish habitats.  
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Figure 4.1 Dredging in the Lower Cuyahoga River 
According to Berger’s drosscape, discussed in the previous chapter, formation of 
deindustrialized landscapes in a city is a natural phenomenon, producing waste, which 
has a strong relationship with the shift of production units to other parts of the world and 
urbanization. The deindustrialized landscapes can be perceived as opportunity grounds 
for remediation techniques, regenerative programs and landscape interventions which 
can coalesce the degraded and fragmented urban fabric. Phytoremediation techniques 
can be very effective in recovering the contaminated sites and reallocating different 
functions to them during the process of recovery. Sites under treatment can be 
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considered as nodes that can be connected via a network of abandoned railroad tracks, 
when they are developed. Thus, exploring productive uses for derelict post-industrial 
landscapes along the banks of the Lower Cuyahoga River in Cleveland, Ohio is a major 
research objective of this thesis. 
The meandering path of the river can be used to explore sites along its banks 
where pockets for fish shelter can be established. Improving the aquatic habitat and 
water quality of the river using strategies phased over time will be a prime contributor in 
rejuvenating the deindustrialized riverfront and also help in making it as a public amenity 
zone. 
“In 2005 more than 600,000 abandoned and contaminated waste sites have 
been identified within U.S. cities” (Berger 2006, 199). These waste sites exist without 
any productive use as they have been deprived of the industrial activity that existed 
prior to the shift of the production and manufacturing regime. Riverfront along the Lower 
Cuyahoga in Cleveland can be considered as waste land as it has many such 
deindustrialized sites that contain harmful contaminants, contributing to the degraded 
water quality, aquatic habitat, and infrastructure. In past two decades, various initiatives 
and efforts have been taken by the cities to remediate these waste lands so that they 
become an integrated part of the city. The efforts undertaken are an indication of the 
increasing concern of the environmental hazards posed by these contaminated and 
detritus deindustrialized sites. There are several reasons which have lead to this 
increased attention towards reclamation of these sites. New programs, policies and 
financial assistance provided to recover these sites for fruitful uses by the federal 
government is one of those reasons. Secondly, local planning groups have realized that 
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the contaminated sites can be a source of tax revenue (Berger 2006). The efforts made 
by various governmental agencies and communities towards alternative solutions for 
numerous contaminated and polluted industrial sites are significant and crucial.  
As a contribution to these endeavors, the research objectives of this project also 
play a vital role by addressing the ecological sensibility of the Cuyahoga River.  
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CHAPTER 5 
DESIGN METHODOLOGY 
This chapter outlines the design process that was undertaken based on the 
theoretical framework discussed in the previous chapters. In order to approach the 
research objectives identified for this thesis, the method chosen is that of developing 
test sites, based on specific criteria, for the implementation of the explored strategies 
and techniques, discussed later in the chapter. The test sites have been chosen 
depending on: (i) the existing land functions (ii) amount and type of contaminants 
present (iii) connectivity with the surrounding area (iv) presence of industrial 
infrastructure like railroads, bridges, contiguity with other amenities (v) riffle or pool 
formation in that section of the river.  
a. Data collection and analysis
Figure 5.1 Site Analysis 
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Prior to the design development an intensive research was done to acquire 
details about the river, businesses along the riverfront, dredging contract details and the 
contaminants present in the landscape. The existing infrastructure, road network, 
railroad tracks, bridges, toxic sites, parking lots, and industries were mapped (Figure 
5.1). The texts examined include historical documents, dredging contracts by US Army 
Corps of Engineers, news articles, and blog opinions. Geomorphology of the 
meandering river was rigorously researched upon that gave an insight about riffle and 
pool formation pockets in the tortuous river channel (Figure 5.2). Documents prepared 
by Environmental Protection Agency were studied to find out the problems existing in 
that region, for example, the number and type of fishes found in different parts of the 
river. It was found that the species which dominated the Lower Cuyahoga River were 
highly tolerant of polluted water. Thus, this was an indicator of deteriorating health of the 
river even when the fish population increased in 1996 as compared to that in 1987 
(Figure 5.3).  
Since Lower Cuyahoga River has been identified as one of the 42 Areas of 
Concern in the Great Lake watershed region, it was beneficial to study the problems 
identified by them with respect to Lake Erie. City Planning Commission of Cleveland 
was helpful in finding details about the current proposal for the Cuyahoga Flats and the 
Industrial Valley along the Lower Cuyahoga River in Cleveland. 
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Figure 5.2 Riffles and Pool formation in the river channel 
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Figure 5.3 Fish Community in Lower Cuyahoga River 
After gathering the data about the industries, contaminants, present uses and 
industrial facilities, condition of aquatic habitat and the armored shoreline of the river 
and dredging contracts, diagrams were made so that the acquired information can be 
represented graphically that is easy to understand. Schematic sections (Section A, B, C, 
D in Figure 5.2), at different winding locations, of the river channel were made with the 
aid of the dredging plan produced by the US Army Corps of Engineers. Few cross 
33 
 
sections (Sections 1-1’, 2-2’ and 3-3’ in Figure 5.2) of the river were drawn to show the 
pool forming pockets of the river that could support fish habitat if they are vegetated with 
aquatic plants.  
b. Design interventions 
1. Bank restoration techniques were studied to establish few pockets along the 
river channel where pools are formed to provide shelter for the fish and its 
larvae. Creating pockets that contain few aquatic plants, a source of food for 
fish, with pebbles and stones firmly installed can establish micro-habitat for 
fishes (Figure 5.4). Some of the steel bulkheads, present along the river 
shoreline, have collapsed due to wear and tear. Those exposed sections can 
be protected by establishing lunkers that will provide shelter for fish. Lunkers, 
made of oak blocks used as spacers and oak planks used as stringer boards, 
are installations forming a sheltered space for fishes along the riverbanks. 
 
Figure 5.4 Bank Restoration 
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2. Side-stream Elevated Pool Aeration: A thorough research was done to 
explore the strategies and techniques that can support fish habitat and help in 
treating the contaminants present on various sites so that they are not carried 
away by the overland flow and washed into the river water. Side-stream 
Elevated Pool Aeration (SEPA) was studied that is installed in the Calsag 
Channel in the Chicago River system to increase the amount of dissolved 
oxygen so that more sewer can be dumped into the river. It has been 
observed that the amount of dissolved oxygen increase few miles 
downstream from the point where SEPA is installed. In SEPA (Figure 5.6), 
water from the river is pumped to an elevated pool that has a number of weirs 
(Figure 5.5), terraces and cascades. Water is forced to flow through these 
cascades resulting in bubble aeration of water and hence oxygenated water is 
fed into the river downstream. The SEPA when intertwined with public 
amenities and educative programs can become a two-fold asset; first, 
environmentally by increasing the amount of dissolved oxygen and second, 
socially by engaging communities in the programs conducted in the vicinity of 
these terraces.  
 
 
 
 
 
Figure 5.5 Weir Aeration 
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Figure 5.6 Side-stream Elevated Pool Aeration 
3. Wetlands and Marshes: By capturing the contaminants, wetlands and 
marshes act as bio-filters and improve the water quality of the river (Figure 
5.7). The water finding its way into the river through these wetlands, reaches 
there in a relatively clean and contaminant-free state, thus reducing the 
pollution level of the river water. Series of wetlands, connected to one other, 
once established will capture most of the sediments coming from the overland 
flow in the sub-sub watershed region. These wetlands can be used as 
phytoremediation sites which when installed with plants and trees can break 
the contaminants into simple compounds thus reducing the concentration of 
the contagion.  
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Figure 5.7 Wetlands and Phytoremediation 
4. Riparian Buffer: Developing buffer zones and riparian corridor (Figure 5.8) 
along the river will help in reducing the rate of overland flow and the amount 
of sediments and contaminants in it, and increase the ground water 
percolation. Reducing the amount of concrete and impervious surfaces will 
result in increased green cover and pervious surfaces in this zone. This will 
have a significant impact on the quality of the river water as well as the 
groundwater. The river’s edge in the riparian buffer zones can be equipped 
with green installations that can provide an undisturbed zone for the fish 
larvae. Riparian corridors can also be combined with various public and 
ecological amenities like parks, trails, preservation of bio-diversity, wetlands, 
and educative phytoremediation installation sites.  
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Figure 5.8 Effect of Riparian Buffer 
c. Assumptions 
Some hypotheses are considered before proceeding to the proposed design 
interventions on the contaminated sites.  With an expected future peak in oil prices, 
expenditure of the industries that are dependent on petroleum for their business will 
also rise several folds. In that course many industries may go out of business and will 
close down leaving the previously deindustrialized riverfront.  
Dredging is another major factor of pollution because the periodic removal the 
accumulated sediments from the waterways disturbs the river bed ecology by 
suspending all the sediments throughout the river water. Currently the dredged waste 
from the Lower Cuyahoga River in Cleveland, containing pesticides, heavy metals and 
polyaromatic hydrocarbons, is dumped in a confined facility in Lake Erie which will be 
completely full in next couple of years. There is a need for the US Army Corps of 
Engineers to establish a dredged waste dumping facility immediately if dredging has to 
continue in this part of the river. So along with the dredging expenditures there is 
another major investment required for creation of a confined dumping facility. Thus 
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restriction on dredging is one of the major assumptions which will help in establishing a 
healthy river ecosystem. The large amount of money which is spent in dredging 
infrastructure annually can be channelized to the redevelopment of the abandoned and 
polluted sites along the riverfront.  
Another assumption is that the industries which still exist in the Lower Cuyahoga 
River Valley will be subjected to pay an environmental degradation tax associated with 
the devastation caused to the river ecology by releasing toxins to the ground or in the 
river. The released toxins act as source of sediments in the surface runoff. These 
properties have impervious surfaces that reduce the ground water percolation. 
Lastly, the land banks are an important asset to a deindustrialized thriving city 
like Cleveland which will facilitate the land acquisition process to remediate the sites of 
high level of pollution and contamination. Many other cities, like Youngstown, have a 
successful model of land banking system which plays a crucial role in the renewal of the 
beleaguered sites thus healing the landscape.  
d. Design Propositions 
After researching on the techniques and strategies, four pilot sites were 
identified. The test sites were chosen depending on riffle or pool formation in that 
section of the river, existing land functions, amount and type of contaminants present, 
connectivity and contiguity with various other amenities in the surrounding area, 
presence of industrial infrastructure like railroads and bridges. These sites were 
proposed with the combination of techniques identified during the research phase that 
are (i) Bank restoration with lunkers and green installations (ii) Side-stream Elevated 
Pool Aeration stations (iii) Wetland establishments along with phytoremediation 
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schemes (iv) Establishment of Riparian buffer zone. An amalgamation of these 
strategies can be used to remediate the sites and provide them with public amenities 
like parks, trails and overlook pavilions for community enhancement. These pilot case 
studies (Figure 5.9) can be established over time and they may have a different 
response time depending on the type of treatment chosen. These sites when once 
developed, will serve as epicenters for renewal of the neighboring areas. 
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Figure 5.9 Pilot Site 1 
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Figure 5.12 Pilot Site 2 
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Figure 5.13 Section of Storm Water Detention Pond 
 
Figure 5.14 View of abandoned railway track developed as a public amenity 
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CHAPTER 6 
FINDINGS AND DISCUSSIONS 
The goal of this project is to develop the deindustrialized pieces of land along the 
Cuyahoga Riverfront in Cleveland that will contribute in improving water quality of the 
river and enhancing the aquatic habitat. These deindustrialized pieces of land can offer 
wider range of uses rather than being voids and industrial remnants along the 
waterfront. Various strategies explored during the course of this project can be applied 
to other waterfront sites with similar conditions. 
 
Strategies Explored 
 Strategies like bank restoration, establishment of wetland as bio-filters to 
oxygenate the water, development of riparian buffers and phytoremediation have been 
proposed to purify the contaminated landscape and further the river water. 
Amalgamation of these strategies can be one of the ways to rejuvenate disparate 
pieces in the landscape. There can be many other ways in which the site could be 
decontaminated. Certainly these strategies will provide a scope for varied public 
amenities like parks, recreation kiosks, and demonstration sites. The emphasis is 
primarily on enhancing the ecology of the river but these strategies do not address the 
required economic assets.  
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Beyond the Scope of Study 
There is an influence on the water quality of the lower section of the river from 
upstream (that is, the Middle and Upper Cuyahoga River) in the form of dam 
establishment and other practices in the watershed of the river. Some of the pollution 
and contamination in the lower section of the river is also due to alterations done in the 
river upstream. The impact from the areas outside the sub-sub watershed of the Lower 
Cuyahoga River cannot be ignored.  
The sites which have been identified in this thesis are pieces of land which are 
not connected to each other and currently they are treated in isolation. The remediation 
of these sites will take a couple of years or more, depending on the level of 
contamination. To rejuvenate the water quality the entire landscape has to be 
connected in terms of a single ecological system.  
The phytoremediation strategies have to be specifically identified according to 
the kind and amount of contaminants tested on the site. Because of the limited time 
frame of the project, research on level of contamination of individual sites was not 
feasible. Another limitation is the acquisition of land for wetlands or side-stream 
elevated pool aeration stations may require a massive investment and research on the 
contaminants present in the soil. The effect of this station in the enrichment of dissolved 
oxygen level varies according to the chosen location.    
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Possible Prospective Contributions 
The strategies which have been proposed cannot be successful without the 
public participation of the neighboring communities. There is an immense desire of civic 
engagement by the local residents and volunteer groups towards the improvement of 
the river. People have to take ownership and pride in being an active part of the 
remediation of the degraded river and the landscape. Participation of school going kids, 
and non-governmental agencies, community garden initiatives, awareness campaigns 
and volunteer groups will increase the public stewardship and a sense of pride of the 
place will result in a greater impact on the health of the river and the landscape. The 
proposed strategies are not viable if taken-on single handedly; they have to be 
supported by the city and the community by all means.  
The county can levy environmental degradation tax on the industries, which 
continue to exist in this region, releasing toxins and acting as a source of sediments to 
the surface runoff. This tax collected can be diverted to the remediation of the 
contaminated sites. 
Land bank is an important asset to a deindustrialized thriving city like Cleveland 
which will facilitate the land acquisition process to remediate highly polluted and 
contaminated sites. It will play a crucial role in the renewal of beleaguered sites and 
thus healing the landscape. 
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Conclusions 
 The collapse of Cleveland’s industrial riverfront has given the city an opportunity 
to reclaim the river as an ecological asset. Rejuvenating the contaminated pieces of 
land and embracing the existing infrastructure can integrate the disparate tracts of land 
with the river and help create a healthy interface between the Cuyahoga River and its 
riverfront. The Cuyahoga River, that was once referred to as the “Mistake on the Lake” 
(Stradling 2008, 516), when establishes a symbiotic relation with its riverfront would 
rejoice its environmental success.   
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